of Findings/Methods/Results: The authors use a suite of techniques to determine the D to H ratios in Los Angeles (UCLA 748, UCLA 750), Shergotty (USNM 321-1), ALH84001 (ALH84001, 6). They took care, unlike previous studies, to avoid measuring hydrogen in cracks, as the hydrogen in the cracks is from contamination. They find that ALH84001 (~4 Gyr old) has a D/H of ~3000% 0 and that Shergotty (~0.17 Gyr old) has a D/H of ~4600% 0 .
Figures of interest:
Outstanding questions: What could have caused this split in the fractionation centered around 3.9 Gyr ago? Could it be the loss of the magnetic field, or possibly the impact event that formed Borealis basin?
References:
Greenwood, J. P., S. Itoh, N. Sakamoto, E. P. Vicenzi, and H. Yurimoto (2008) , Hydrogen isotope evidence for loss of water from Mars through time, Geophys. Res. Lett., 35, L05203, doi:10 .1029/2007GL032721. A younger age for ALH 84001 and its geochemical link to shergottite sources in Mars (Lapen et al., 2010) As Presented by Sierra Kaufman Main Point: This paper claims the previously held accepted age of ~4.5 Ga for the ancient Martian meteorite ALH 84001 is a false age and is actually dated at 4.091 ± 0.0030 Ga (Fig. 1 ). This has implications for many of the previous results gleaned from this false age including the lack of survival of the primitive Martian crust, previous measurements of the "initial" magnetic field, and a shorter timing between the crystallization and aqueous alteration of the meteorite.
Summary: This paper goes through a long list of recent ages and explains why the Lu-Hf system produces the most reliable result. The Sm-Nd and Rb-Sr dating area not reliable because these elements are concentrated in phosphate phases which are susceptible to unequal remobilization of trace elements in low-pH and weathering environments. This allows for false ages to be deduced. The dates for Pb-Pb and U-Pb from the apatite and whitlockite are also considered unreliable due to the same phosphate weathering. The Lu-Hf system has elements which are concentrated in the pyroxenes and chromites which are not affected by the same weathering processes and therefore can give a more reliable age. This system also agrees with Pb-Pb and U-Pb dating outside of the phosphate minerals. Lastly, Ar-Ar dating is not very reliable when comparing to other systems due to shock disturbances, trapped atmospheric gases, and 39 Ar recoil all interfering with reliable age dating.
The authors also explore the relationship between the sources of magma that created the ALH 84001 and the shergottites. The ALH meteorite is from a source with more incompatible element enrichment than the shergottites. Both sources most likely formed from the progressive crystallization of Mars' early magma ocean. ALH 84001 is hypothesized to come from a mantle source of residual trapped liquid and the shergottites from the cumulate fraction.
Outstanding Questions/Critiques: Does the age of ALH 84001 being less than that of the expected primitive crust necessarily indicate that the primitive crust was completely destroyed by the late heavy bombardment? We do not have many samples of ancient age to begin with so does this follow?
What does the younger age imply for the magnetic field strength of Mars before this 400-million-year cooling?
There is an alteration process which preferentially depletes the samples in the Nd relative to Sm. The paper says the precise mechanism for this alteration is unknown. What might this process be or what differences are the between the elemental characteristics of Nd and Sm that could cause the depletion of one over the other?
Further Reading:
For previous conceptions of ages and geologic contexts of the martian meteorites before the conception of this paper (which now seems to be widely accepted) please see: Main Point/Findings: Authors of this paper address the issue in trying to date martian meteorites. Geochemistry alone cannot distinguish between the age of the impact event versus the age of the igneous rock that was ejected. Using in situ electron-beam nanostructural analyses and U-Pb and Pb-Pb isotopic measurements they were able conquer this issue and were able to date the basalt crystallization of the original igneous rock to 190 Mya and the ejection of the rock from the Martian surface to be 22 Mya.
Summary: The magma crystallization age of the meteorite was measured from baddeleyite (ZrO 2 ) grains. Grains with the highest proportions of radiogenic Pb and oldest/least disturbed 206 P b/ 238 U values gave a minimum and maximum age of crystallization to be roughly 170 -230 Myr. Grains with high radiogenic lead is important in deriving the magma crystallization age because shock metamorphism caused by the impact and launch results in loss of radiogenic Pb from the baddeleyite, therefore grains with higher radiogenic Pb have recorded ages correlating closer to the age of crystallization. In addition, these grains preserved igneous zoning and lack post-shock zircon rims. Baddeleyite grains associated with zircon were used to date the impact and ejection event. Zircon was found in thin fractures within the baddeleyite grains and as rims crystallized around the shocked baddeleyite. Zircon appeared spatially associated with quenched melt pockets and showed no evidence of shock structures or presence of its high-pressure ZrSiO 4 polymorph. These observations indicate the zircon growth occurred after the shock metamorphism as the martian rock cooled as it exited the martian atmosphere. Such grains yielded the youngest age (22 Myr).
Outstanding Questions: If the impact event is estimated to have occurred roughly 20 mya into an amazonian aged volcanic unit (if all ages are correct) can we locate potential source craters for this meteorite and all other meteorites using the methods in this paper for time constraints for the SNC meteorite collections? Is the abundant representation of young shergottitic materials a sampling bias from finds/falls? Other Readings: Bridges, J.C. and P. Warren (2006) The SNC meteorites: basaltic igneous processes on Mars, Journal of the Geological Society, London 163, 229-251.
McSween, H. Y. What have we learned about Mars from SNC meteorites? Meteoritics 29, 757-779 (1994) .
